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FOREWORD
This report is submitted in compliance with Phase II, Task 5 (Reports)
of Exhibit "A", Scope of Work, dated 06-29-72 for Contract NAS8-27161l.

Phase I1 of the Contract consists of five Tasks:

Task 1: Test Environment and Model Definitionmn;

Task 2: Model Design and Fabricationm;

Task 3: Ablator Test and Evaluationm;

Task 4: Conference Requirement;

Task 5: Reports;

This report documents the studies performed under Task 2: Model Design
and Fabrication,
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I. INTRODUCTION
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The objectives of this study were to establish the feasibility of
utilizing ablative or metallic heat shields for aerobraking reentry and
to ascertain realistic ablative heat shield weights and design criteria
for both ablative and metallic heat shields.

The ablative and metallic heat shields were for application to a 14
ft-diameter cylindrical body entry configpration with a 2:1 elliptical
dome, Both a low drag and a high drag configuration were studied. The
aerobraking trajectory pertained to the transfer of the vehicle from a
geosynchronous orbit to the orbit of the :Space Shuttle. Aerobraking
trajectories involving two perigee passes and 30 perigee passes were
investigated. i

In the performance of Task 2, "ModelﬁDesign and Fabrication", the
following was accomplished: s .

1. Flat-faced, -2-1/2-inch and 8-inch diameter ablation test models
were designed. The ablators were supported by a honeycomb rein-
forcement and were bonded directly to an aluminum substrate.
Thermocouple instrumentation for the ablator models was defined.

2. Five-inch diameter metallic plasma arc test models were designed
and detail drawings were prepared. Thermocouple instrumentation
was defined for columbium and Haynes-188 models.

3. Twelve ablator test models were fabricated and instrumented.

4. Six Haynes-188 models were fabricated from sheet stock supplied
by MSFC and instrumented with chromel-alumel thermocouples. Six
columbium models were fabricated by MSFC. They were inspected
by Martin Marietta, coated with R512-E and instrumented with
platinum-rhodium thermocouples. A model holder for the metallic
heat shield specimens was designed. {

II, ABLATOR MODEL DESIGN AND FABRICATION

Ablator models were designed as flat-faced cylinders for splash
testing., For two pass entry simulation, a model diameter of 2-1/2 inch
was selected as consistent with the three-inch diameter plasma stream.
Thirty pass entry simulation was to be conducted in a ten-inch diameter
stream and an 8-inch model diameter was therefore chosen, All ablators
were supported by a glass-phenolic honeycomb core. The honeycomb was a



Martin Marietta-deve}oped two-directional bending core with a nominal
density of 2.3 1b/ft”. Honeycomb-reinforced ablator slabs were fabri-
cated by using a vibration/pressure technique to press the honeycomb into
. the uncured ablator, The ablators were then bagged and vacuum cured at
a peak temperature of 300°F. The cylindrical ablator specimens were
rough cut from the slabs and machined to final diameter and thickness.
0.156 in, aluminum, representative of the equivalent thickness of the
aluminum backup structure at the stagnation point, was bonded to the
ablator backface with a Martin Marietta silicone adhesive.

The model configuration for two pass testing is shown in Figure 1.
Ablators selected for low drag entry simulation were ESA 5500 (two
models) and ESA 3560. For high drag entry simulation, ESA 3560 (two
models) and SLA-561 were selected. Ablator thicknesses listed in Table
1 are those calculated for a 300°F backface (aluminum) temperature at
the stagnation point. However, the as-fabricated height of the ESA 5500
ablator was 2.03 rather than 2.08 inch. Specimens were instrumented with
Platinum-Pt-137 Rh, Chromel-Alumel, and Iron-Constantan thermocouples as
defined in Table 1. Pt vs Pt-137 Rh thermocouples were connected to
copper extension wire immediately aft of the aluminum stud. The peri-
phery of the models was wrapped with fiberglass tape to insulate the
aluminum backface and to prevent ablator loss from the open honeycomb
cells., The ablator models are shown in Figure 2. A 3X enlarged view
of the ablator surfaces are shown in Figures 3 through 8.

The model configuration for thirty pass testing is shown in Figure 9.
Ablators selected for entry simulation (high drag configuration) were
ESA 3560 (four models) and SLA-561 (two models)., Ablator thicknesses
listed in Table 2 are approximately 5 percent greater than thicknesses
calculated for a 300°F aluminum temperature., The extra ablator was
added as a safety factor. Specimens were instrumented with Chromel-
Alumel and Iron-Constantan thermocouples as defined in Table 2. The
periphery of the models was wrapped with fiberglass tape. The ablator
models are shown in Figures 10 through 15.

III, METALLIC MODEL DESIGN

The metallic heat shield models were designed as five-inch diameter
flat-faced specimens for splash testing. To protect and stiffen the
vulnerable edges, the peripheryowas bent 90 degrees with a 1/4-inch
radius, Three legs, spaced 120 apart, were welded to edge tabs for
model attachment. The Haynes-188 model configuration is shown in Figure
16. The cap is made from 29 mil sheet and the legs from 15 mil sheet,
The specimen is preoxidized to obtain a uniform, high emissivity surface.
The FS-85 columbium alloy model is shown in Figure 17. The cap is made
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from 25 mil sheet and the legs from 20 mil sheet. The columbium models
were coated with R-512E silicide (HiTemCo - De Wiant Corp., Hicksville,
New York) for oxidation protection.

Thermocouple instrumentation is defined in Figure 18, Eight thermo-
couples are located to measure stagnation point temperature as well as
the radial and circumferential temperature distribution and the temper-
ature of the leg., Haynes-188 models are instrumented with Chromel-Alumel
thermocouples which are attached to the inner surface by tack welding.
The columbium models require Platinum vs Platinum-13% Rhodium thermo-
couples., The thermocouples are tack welded to 5 mil rhodium foil which
in turn is attached to the coated inner surface with a ceramic cement.

Test installation for the metallic plasma arc models is shown in
Figure 19. The models are bolted to a reinforced plastic base plate
with 1/4-inch stainless steel bolts, nuts and washers. The space between
model cap and base plate is filled with fibrous insulation.

IV, METALLIC HEAT SHIELD FABRICATION

Six Haynes-188 plasma arc models were fabricated in accordance with
Drawing No. 1630-72-026 (Figure 16), except that the legs were spot
welded rather than seam welded to the tabs. Superficial hardness tests
were conducted on the "as received" HS 188 material and an average Rock-
well reading of A-56 to A-59 was recorded. This condition is considered
adequate for '"deep draw" forming of Haynes-188. Fabrication procedures
are summarized below.

A deep draw forming die was fabricated from 6061-T651 aluminum
alloy (Figure 20). The finish die working surfaces were '"hard coat"
anodized to prevent damage to the die and the model details during
the "deep draw" forming operation (Figure 21). Model cap material
(0.0295-inch thick HS 188) was sheared into 8-inch x 8-inch squares
for forming. The squares were then clamped in the forming die. The
punch was inserted on top of the HS 188 material and forced down through
the form die using a 100 ton Dake hydraulic press. This essentially
draws the material around the punch nose and down through the die body
(Figure 22)., The upper and lower sectioms of the forming die maintain
a high clamping force against the HS 188 material, allowing the material
to draw-in during the forming operation but preventing or eliminating
peripheral buckling in the HS 188 material (Figure 23). M™MS-122 fluoro-
carbon release agent/dry lubricant was used during forming to prevent
galling.

The formed caps (Figure 24) were vacuum furnace solution annealed
at 2150 F for 30 minutes to relieve the cold worked condition resulting
from the forming operation. Following the solution anneal, the caps




were laid out for leg locations and cap depth. Excess material was
trimmed by sawing and the final finish of the caps was obtained by
grinding and hand filing.

The leg details were laid out and sheared to size. The 90° angle
was formed using a conventional air brake forming process. Mounting
holes were drilled in the leg details using high speed drills with
special sheet metal points, All HS 188 details were chemically cleaned
in preparation for welding.

A special positioning fixture (Figure 25) was fabricated for loca-
ting the legs in the proper plane and radial position for joining to
the cap. Details were assembled to the fixture and resistance spot
welded using the Sciaky 100 KVA spot welding machine. Two welds were
made on each leg to attach it to the cap. Preproduction weld samples
and one post-production weld sample were made. The following are the
results of the tensile test specimens (see Figure 26):

Specimen Number of Load
Number Welds (1bs) Location of Failure
1 1 600 Heat affected zomne
2 1 600 Heat affected zome
3 2 860 Parent material
4 2 970 Heat affected zone in
.015"
5 3 1030' Heat affected zome in
. v .015"
6 3 1130 Heat affected zone in .
.015"
2 820 Parent .015" material
2 900 Parent .015" material
2 770 Parent ,015" material
10 2 900 Parent ,015" material
11 2 800 Parent .015" material
12 2 850 Weld Nugget Failure

Sample No. 12 was the post-production resistance weld sample. All
samples were made from material thickness combinations representative
of ‘the productionr article.

Following the welding operation the entire inner and outer surfaces
of the model were vapor honed using the Pangborn blast cleaning system.
Assemblies were then water rinsed, vapor degreased, submerged in Oakite
90 for 10 minutes, demineralized, water rinsed, and baked dry at 200°F.
The cleaned models are shown in Figure 27.
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The final manufacturing operation was to pgeoxide coat the models.
An atmosphere furnace capable of reaching 1900 F was employed for this
purpose. The furnace was elevatedoto 1000°F (no load). The models
were loaded in the furnace at 1000 F. Temperature was then increased
to 1900°F and held for 30 minutes. The models were removed from the
furnace and rapid air-cooled to room temperature. Models after pre-
oxidation are shown in Figures 28, 29 and 30,

The six models were instrumented with Chromel-Alumel thermocouples
in accordance with Drawing No. 1630-72-020 (Figure 18). A view of an
instrumented model is shown in Figure 31,

FS 85 columbium alloy models were furnished as GFP articles by the
George C. Marshall Space Flight Center. The specimens conformed to
Drawing 1630-72-025 (Figure 17) except that the legs were butt welded
to the tabs and the cap was slightly dome shaped. The as-received
models were weighed and measured upon receipt and inspected visually
and dimensionally. The visual inspection is documented in Table 3
and in Figures 34 through 42. Edges were suitably rounded for coating.
The major anomalies found were a blueish discoloration at the tab-to-leg
welds which appears to be the heat affected area, tool marks on the tabs
and an indentation on the cap of Model No. 3. Results of the dimensional
inspection are summarized in Table 4. The cap out-of-flat condition
varies from ,014 to .045 inch from the cap center to the edge.



‘your €0°Z ST 3IYSFIY PIIBITIQEI-SVx

(uEBue3su0)-uo1]) Iseg JTISBIJ - 2JBIJING IduUU]

@ 89°1 196-VIS 9
(uejuelsuo)-uoil) ddeIdEg UNUTWUNTY @
(uBjUEISUOD-UOI]) dseg DTISBId - 9oBIING IdUUY @ che S c
(UBIUEIBUOD-UOIT) DDEFNORG WNUTUN]Y @
(T3uny-1owoayy) uoridounp 3irM pesp-afdnodourayy @
(ue3UE]ISUO)-UOIT) DDBINOBY WNUTUNTY @ )
(1eunyy-1amoxyo) 008° (B oc1 09CE-vST 5
(1suniy-1swoayd) 00s° (©) €
(yy %€1-3d-wnuiaerd) ooe” (@
(y¥ %e1-3a-unuraetd) oo’ (D
(1sunyy-1aWo1y)) uorldung 91Ty pedr-a7dnodowaayy @
(UPIUBISUOD-UOIT) IOBIOBY WNUTWATY @
awn{y-1swol .
(1eunty-1eworyd) 00z'T (%) £80°2 A z
(1unyy-fowaryd) 009° (©) 1
(4¥ %€1-3a-unuraerd) ooc’ @
(4¥ %e1-3a-unurierd) 001° (D
("uf - 9584 juoag Woiy 9oue3IsIq) “ON
uot3aeoo] @jdnodomiayg Judran TETI93%H 1°9POK

Supjesy Sseg OML - UOTIBOTITOads [9POW - T FIAVL




*unx ssed ¢ - g °*ON [9poH ‘una ssed g - ¢ °*ON I9POW ALON
(uejuERISUC)~-UOI]) BSBY OTISETJ - 99BIANG JIdUUT AHV 9
(uejuelSUO)-UOI]) 90BINOBG WNUTWNTY A”u 00°¢ (*0°H) T9$-VIS C
uny sseg ST K
ue | Se awe .
cpiEl 5 see (*0'H) 095€-vsd €
(UBPIUBISUO)-UOIT) JDOEBINORg WNUTWN]Y AHV
(1eunyy-1owoxyp) 00z2°1 (D) uny ssBq OC .
awnyy-Tawox . .
(teunty-1awoxyd) 009° (©) YA (*0°H) 095E-Vsa I
(1owny-1woayd) ooe* (@)
(1eunty-tawoxyd) oo1* (D
(*ur - 90BJ JuUO1] WOAI IOUBISI() : *ON
uotjedo a7dnooomiayy 481K 1ET19380 1°POK

uoTIBOIITOadg T9POW "ur g - T FIGVL




‘spiom

MOT9q pue IA0QqB 3DIEBJ
-Ing qe3 JI3UU] UO UOTIB
-I0J038TpP 9nig °‘8I2UI0D
3B 308JaANS QB3 I9INO UO

*aouy
-Ins Q83 13Ino pue

*(1%
*814) snipex eaaydiaad

UOTIBIOTOODSTP umolq Jujed I3uuy uo syism j00J 1eUIaUf IBAU SNOTN S120° 0920° ¢*¢11 c
*(oy °314)
*spiam P14 JO spua yjoq 238
M0T3q pu®B 3AOQER 30BIANS 8de3 pue uoijevajzsuad *20BJINS I3UUF
ge3 IdUUJ UO UOFIBIOTOD PI2M qB] 3qBIABA uo sayo3vxd8 aeindax
-81Q. °90®BJanSs gB] 1931NO | "2IBJINS QB3I 1IINO puw -1] °*snyipex yvaaydixad
uo uOF3IBIOTOISTIP IYBTIS I3uul uo sjyIeW T00] IBUIa3IX3 uo S)yavw jing ¢<120° 2920 8°ZI1 4
*3891 pue sqel Jo ?Io®BJINS
193n0 w0 pue ‘(6¢ °*81J) *(8€
8891 pue sqel ‘snypex *aoe3 *814) 991 aeau 193u’d
deo jo soBIaNs I9UUY -1ns gej Ia3Ino pue woxy youg H/¢-1 “sapys
Uuo UOT3IBIOTOISEP anig I3uur uo syaswm [00] y3joq uo suojjejuapul 120° 0L20° 0°S1I €
*(Lg °313)
891 30 23aed aaddn o3 . *snypex Texayd
pue snipea des o3 Burp *aoey -113d 1PUIaIUT UO SHIBW
-u23%3 ‘?308BJINs gB3 I93INO -Ing gej I9INO pur 1I%mg ‘@9®vIans I23nO
UC UOFIBIOTOISTP aNIg Jauuj uo 8yIsw TOOJ uo 8ayojexds xeInBaxay ¢120° .0920° £°C11 r4
*(9¢ "814) 8891 3O *(gg °81d) @d®jans
s3aed aaddn pue sqe3l jo J9UUF uo 89aYOIRIOG
9PFSUT UOC UOTIBIOTOISTP M-D1:3 *(y¢ °314) £Lasydixad
anlg °9veJans I3IN0 qul -Ing ¢ej IaIno pue IB2U 8378JINS IIINO
U0 UOTIBIOTOISTIP IYSFIS I3uul uo sjyavw JOO] uo 893ned TIvws I3ayl 120° 0L20°" 1°611 1
U0T3B1I0]098TQ sB8o1 pue sqe] de) .51 de) (%) -0
uogjoadsuy IBNSTA (*uy) ydron 19POK

8SaWOTY]L TBISH

P
-

Suriwo) axojyag uorpizoadsul

I3POH wnfqunio) €8 Sd - € 9TqEBL




‘PT1°M moy3q

puB 2A0qE 20BIINS GBI
13UUT UO UOFIBIOTOOISTP
umoxq pue anig ‘o9eJF
-ing 1a33no - snipex deo
pue qel jo uorixod xaddn
uo UOJIBIOTOISIpP SNy

*13auxod

38 891 jo mo3l3joq uo
UOTIBUTWERIUO) °*20BJ
-Ing B3 133NO puE
A3uul uo SyIPmM OOL

*(zy *%1d)

snypex Teaaydiasd
TBUI3IUT Uo S3YO
-3BIO2S *90BIANS I3INO

uo §3YyodIBIOE JuUIBY] c1¢0° 0920° £°Cclt 9
uo1IeIoT0981(d S397 pue squj, de) 397 de) (3) .
uotr3loadsuyl [ensfp (*ur) 3N 19POK

SSaUNOTY] [BIOK

(penurjuo)) ¢ 31qel

i



 MATERIALS TEST REPORT
QUALITY CONTROL LABORATORIES

10
¥ Lorwo PAGE NO 1ofl . .
- DATE __12/21/72
CUSTOMER. 0625"203 159"09500-02000 . I : P.O.NUMBER . oo
FROM E. Pracht X2130 el SPEC. NUMBER_ ——
pescripmion b Columbigm Plasma Arc Test Specimens = -
" -..___. Dimensional Inspection prior tc Coating e
e e —_
_ ACTUAt DIMENSIONS AS TAKEN FROM PARTS
B/P Dimensions Plasma Arc Test Specimens
i 2 3 4 5 )
5,00 dia. 4.950 4.950  4.950  4.960  4.965  4.965
_ 5.00 4,990 4.990 5.005 4,995 4.990
.75 .82 «735 .725 .725 L7240 725
.755 .750 L7450 745 750
.25 .23 .235 .25 .225 .23 LN
.75 .735 745 .735 . 745 .73 T4
2.00 2,050 - 1.990 2.070 2.0670 2,065 1.980
.50 .60 .65 .60 .70 .70 70
\ ' Out of flat condition (from .045 .020 040
be center to two opposite edges) 014 .020 035

Varies from .014" to .045" from
center to edge. Specimens #3, &4
and 6 not measured,

Dimensional Tolerances:
+ XX +.03
o XXX +.010

Sk I

ﬂ ,ua[t;“z. v 74‘7’1,‘0‘“—(7‘2“: w"

- i Table 4 - Dimensional Inspection of FS 85 Columbium Models
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Figure 28 - Haynes 188 Models after Preoxidation
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figure 30 - Bottom View of lHaynes 188 Model
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Figure 31 - lnstrumented Haynes 188 Mode
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Figure 34 - Gouges on Outer Cap Surface - Columbium Model No, 1

Figure 35 - Scratches on I[nner Cap Surtface - Columbium Model No, 1
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Figure 37 - Discoloration on Inner Surface of Cap Radius, Tab and
Columbium Model No. 2
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Figure 39 - Discoloration on Outer Surface of Cap Radius, Tab and leg -

Columbium Model No, 3
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Figure 40 - Variable Tab Weld Penetration - Columbium Model No. 4
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Figure 41 - Nicks on Inner Cap Surface - Columbium Model No, 5,

Figure 42 - Scratches on Inner Cap Surface - Columbium Model No. 6
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